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Estradiol 3-methyl ether (1a)is known to possess both estrogenic and antifertility activity. In an attempt to en-
hance the antifertility activity and/or diminish the estrogenic activity 9,11-secoestradiol 3-methyl ether (2a) has
been prepared via a seven-step sequence starting with 1a. Compound 2a had weak estrogenic and antlfertlhty ac-

tivity with no appreciable separation of activities.

Several articles dealing with 9,11-seco steroids have ap-
peared in the recent literature. Crossley and Dowell! re-
ported the synthesis of 9,11-secoprogesterone in an at-
tempt to prepare a derivative having modified progesta-
tional activity. Brain and coworkers? prepared a series of
9,11-seco steroids having both the A and B rings aromatic
via total synthesis. We have previously reported the syn-
thesis of optically active 9,11-seco steroids derived from es-
tradiol 3-methyl ether (la)3 as well as the synthesis of
9,11-seco steroids derived by total synthesis.* As an exten-
sion of our earlier work® we were interested in preparing
9,11-secoestradiol 3-methyl ether (2a) for biological testing.

CH; X

cH

Za,X-/OH

bX=0

Since estradiol 3-methyl ether (la) is known to possess
both estrogenic’ and antifertility® activity, we had hoped
that cleavage of the 9,11 bond would enhance the antifertil-
ity activity, thereby leading to.a greater separation of ac-
tivities via the “entropy effect.””

b,X=0

The key intermediate in our previous series, 178-hy-
droxy-3-methoxy-9-0x0-9,11-secoestra-1,3,5(10)-trien-11-
oic acid 17-acetate (3a), appeared to be an ideal starting
material for the synthesis of 2a. Compound 3a was pre-
pared by the procedure of Cambie® and was purified by col-
umn chromatography. The homogeneity of 3a was estab-
lished by NMR and thin layer chromatography (TLC). The
nmr spectrum of 3a exhibited sharp singlets at § 1.08 for
the C-18° methyl and 1.97 for the acetoxy methyl. If com-
pound 3a had undergone partial epimerization at C-8 dur-
ing its preparation, one would expect that the C-18 methyls
and/or the acetoxy methyls of the two epimers would have
different field positions in the NMR. The only resonances
attributable to the C-18 methyl and the acetoxy methyl are
the sharp singlets previously mentioned. The homogeneity
of 3a was further confirmed by examining the fully proton
decoupled 13C NMR spectrum which contained 20 sharp
resonances.1% If the compound had been a mixture of iso-
mers, some of the carbon atoms would have been nonequiv-
alent and more than 21 peaks would have been observed in
the spectrum. Since it is highly unlikely that 3a had under-
gone complete epimerization at C-8 during the ring cleav-
age reaction, we conclude that the stereoconfiguration at
C-8 is the same as that in estradiol 3-methyl ether.

In the synthesis of 9,11-secoprogesterone,! the 9-keto
and the 11-carboxy functions were removed concurrently
by successively reducing each to the corresponding alcohol,
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converting the resultant diol into a dimesylate, and dis-
placing the mesylate groups with lithium aluminum hy-
dride. In the synthesis of 2a we chose to accomplish this se-
ries of transformations in a stepwise manner (Scheme I).

Scheme 1
cH, &
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3a,R=CO0H; R’ =0A¢;X=0
b,R=COOH; R’ =0Ac; X =H,
¢, R=CO0OH; R"=0H; X=H,

0 CH; CH,

|
4a, R = C-0-CHO-n-Bu; R’ =OCHO-n-Bu
CH,

b, ¢, R = CH,OH; R’ = OCHO-r-Bu
CH;

d,e,R=CHOTS; R’ = O(;HO—n-Bu

The ketone function at C-9 in compound 3a was cleanly
removed by hydrogenolysis over palladium-on-carbon in
ethanol at 50°. In an attempt to determine whether epim-
erization occurs at C-8 during the reduction compound 3a
was subjected to the reaction conditions in the absence of
hydrogen. The ir and NMR spectra, as well as the optical
rotation, of the recovered material were virtually identical
with that of 3a, indicating that the compound does not ep-
imerize at C-8 prior to reduction. The fact that a chromato-
graphically homogeneous product, 3b,!! was isolated in 78%
yield further indicates that epimerization does not occur
during the reduction. Although the possibility of complete
epimerization occurring during the reduction cannot be
ruled out on the basis of our experiments, we feel that such
a possibility is highly unlikely.

The conversion of 3b into 2a was relatively straightfor-
ward. Hydrolysis of 3b with methanolic KOH afforded the
alcohol 3e. Treatment of 3¢ with butyl vinyl ether gave 4a
which reacted in situ with lithium aluminum hydride to af-
ford a pair of diastereomeric butyl vinyl ether derivatives
4b,c which were separable by column chromatography.
Upon hydrolysis, 4b and 4c¢ afforded the same diol 5,12

CH, OH
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thereby indicating that 4b and 4c were isomeric at the
newly introduced chiral center resulting from the reaction
of the 178-hydroxy group with butyl vinyl ether.

Treatment of the mixture of 4b,e with p-toluenesulfonyl
chloride afforded the tosylates 4d,e which were used with-
out further purification for the next step. The synthesis of
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2a was completed by displacing the tosylate group with
lithium aluminum hydride followed by acid hydrolysis of
the protecting group at C-17. A small amount of an impuri-
ty believed to be the cyclic acetal 6 was isolated during the
purification of 2a. Compound 6 is presumed to arise via
loss of n-butyl alcohol from 4b,e during the formation of
4d,e.

Conversion of 2a into 9,11-secoestrone 3-methyl ether
(2b) by treatment with Jones reagent further suggests that
the assigned structure of 2a is correct. We speculated that
if 2a has the same stereochemistry as estradiol 3-methyl
ether (1a), then the difference in molecular rotations!® be-
tween 2a and 2b should be of the same magnitude and di-
rection as the difference between the rotations of 1a and
estrone 3-methyl ether (1b).14 The molecular rotations for
1a and 1b are +220 and +437, respectively. Therefore, the
expected value for 2b would be 217 more than the value of
+193 for 2a. The observed value of +423 for compound 2b
is in excellent agreement with the predicted value of +410.
However, since cleavage of the 9,11 bond of the steroid nu-
cleus gives rise to free rotation about the 8,14 bond, appli-
cation of the “method of molecular-rotation differences”
may not be entirely valid in this instance and our results
may indeed be only coincidental.

Compound 2a was found to have 0.30% the estrogenic ac-
tivity® of estradiol 3-methyl ether (1a). A comparison of the
antifertility activities® revealed that 2a had an EDjg of 450
ug vs. an EDsg of 2.5 ug for 1a. Hence, cleavage of the 9,11
bond resulted in a marked reduction of the estrogenic and
antifertility activities. Little, if any, separation of activities
was achieved.

Experimental Section

Melting points were determined on a Fisher-Johns melting
block and are uncorrected. Infrared spectra were recorded on a
Beckman IR-12 grating spectrophotometer. NMR spectra were ob-
tained in CDCl;3 on a Varian A-80 or T-60 or XL-100 spectrometer
using tetramethylsilane as internal standard. Specific rotations
were obtained in chloroform (¢ 1.0) using a Perkin-Elmer (Model
141) polarimeter. Elemental analyses were performed by the mi-
croanalytical group at Searle Laboratories.

Purification of 3a. A sample of 3a prepared by the procedure
of Cambie® was chromatographed on SilicAR CC-4 using benzene
and EtOAc as eluents. Pure 3a was obtained in the 20 and 40%
EtOAc fractions and was recrystallized from benzene-Skellysolve
B to give a white solid: mp 148-150°; [«]25D —13°; ir (KBr) 1745
[OC(=0)CHjg], 1730 (COOH), and 1680 cm™! (conjugated ketone);
NMR § 1.10 (s, CHy), 1.98 [s, OC(=0)CHjg], 3.86 (s, OCHjy).

(18,28,2' R,58)-2-(1,2,3,4-Tetrahydro-6-methoxy-2-naph-
thyl)-5-hydroxy-1-methyleyclopentaneacetic Acid Acetate
(3b). A solution of 3a (4.54 g, 12.1 mmol) in 250 ml of EtOH was
hydrogenated over 5% Pd-on-carbon (0.5 g) at 50° for 72 hr in a
Parr shaker. The solution was filtered and the solvent was re-
moved in vacuo to give 4.37 g of a yellow oil which crystallized
upon standing. The product was chromatographed on 90 g of Sili-
cAR CC-4 to give 3b in the 10% EtOAc-90% benzene fractions. Re-
crystallization from EtOAc-Skellysolve B gave 3b (3.40 g, 78%):
mp 125-127° [2)D +50°; NMR & 1.03 (s, CHg), 2.02 [s, OC-
(=0)CHg], 3.76 (s, OCHj3).

Anal. Caled for Co;Hog05: C, 69.97; H, 7.83. Found: C, 69.64; H,
7.84.

Control Experiment on 3a. A solution of 3a (0.454 g, 1.21
mmol) in 25 ml of EtOH containing 0.050 g of Pd-on-carbon was
heated at 50° for 72 hr under nitrogen. The solution was filtered
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and the solvent was removed in vacuo to give 0.450 g of an oil
which crystallized upon standing. The ir and NMR spectra as well
as the optical rotation on the recovered material were virtually
identical with those of 3a: [«]?2D —11°; NMR 6 1.10 (s, CHy), 1.99
[s, OC(=0)CHyg], 3.87 (s, OCHs).

(15,28,2' R,58)-2-(1,2,3,4-Tetrahydro-6-methoxy-2-naph-
thyl)-5-hydroxy-1-methylcyclopentaneacetic Acid (3c). A so-
lution of 3b (3.33 g, 9.25 mmol) in 50 ml of CH30H was treated
with a solution of KOH (3.00 g, 53.5 mmol) in 15 ml of water, and
the solution was refluxed for 2 hr. The solution was diluted with
250 ml of water, filtered, and acidified with hydrochloric acid. The
solid which formed was collected and thoroughly washed with
water. Recrystallization from EtQOAc-Skellysolve B gave 3¢ (2.65 g,
90%): mp 141.5-142.5°; [«] 23D +65°; NMR & 0.97 (s, CH3), 3.76 (s,
OCHs).

Anal. Caled for C19Hgs04: C, 71.67; H, 8.23. Found: C, 71.35; H,
8.35.

Conversion of 3c into 4b,c. A solution of 3¢ (2.57 g, 8.09 mmol)
in 15 ml of THF was treated with n-butyl vinyl ether (1.70 g, 17.0
mmol) and 3 drops of a 10% solution (v/v) of methanesulfonic acid
in THF. After stirring at room temperature for 4 hr, no further
reaction could be detected by TLC (20% EtOAc-80% benzene).
The crude mixture was added dropwise to a stirred suspension of
LiAIH, (0.500 g, 13.2 mmol) in 20 ml of THF and the mixture was
stirred at room temperature for 24 hr. The mixture was carefully
hydrolyzed by the dropwise addition of 2.0 ml of 5% NaOH solu-
tion. The mixture was diluted with 50 ml of ether and filtered. The
inorganic salts were thoroughly washed with ether and the com-
bined organic phases were concentrated in vacuo. TLC (20%
EtOAc-80% benzene) indicated the presence of two compounds,
4b,c in a ratio of 1:1 along with a lesser amount of 5. The crude
mixture was chromatographed on 90 g of SilicAR CC-7 using
EtOAc and benzene as eluents and taking 40-ml fractions. Com-
pound 4b (1.27 g, 39%) was obtained pure in the 2% and early 5%
EtOAc-benzene fractions. A mixture of 4b,c¢ (0.513 g, 16%) was ob-
tained in the later 5% and early 10% EtOAc-benzene fractions.
Compound 4¢ (1.07 g, 33%) was obtained pure in the later 10 and
20% EtOAc-benzene fractions. Compound 5 (0.247 g, 8%) was ob-
tained in the 100% ethyl acetate fractions. Recrystallization from
benzene afforded 0.170 g of 5, mp 151-152°, []*3D +58°. Com-
pound 5 was virtually identical with an authentic sample prepared
from 3b. ‘

(18,28,2'R,58)-2-(1,2,3,4-Tetrahydro-6-methoxy-2-naph-
thyl)-5-hydroxy-1-methylcyclopentaneethanol (5). A solution
of 3b (0.780 g, 2.17 mmol) in ether (10 m1)-THF (5 ml) was added
dropwise to a stirred slurry of LiAlH, (0.420 g, 11.1 mmol) in 400
ml of ether, and the mixture was stirred at room temperature for
18 hr. The mixture was hydrolyzed by the dropwise addition of 1.7
ml of 5% NaOH solution. The mixture was diluted with 40 ml of
CHuCl; and filtered. The solvent was removed in vacuo to give a
white solid which was recrystallized from benzene—Skellysolve B to
give 5 (0.585 g, 89%): mp 151-153°; [«]?D +62°; NMR 3 0.87 (s,
CHjy), 8.74 (s, OCH3).

Anal. Caled for C19H2503: C, 74.96; H, 9.27. Found: C, 74.91; H,
9.27.

Hydrolysis of 4b. A solution of 4b (0.136 g, 0.336 mmol) in 5 ml
of acetone and 1 ml of water was treated with 4 drops of concen-
trated HCI, and the solution was stirred for 30 min. The product
was precipitated by adding 15 ml of water and saturating the solu-
tion with NaCl. The product was collected, air dried, and recrystal-
lized from benzene-Skellysolve B to give 5 (0.0681 g, 67%), mp
151.5-153.5°, [@]?*D +63°, The compound was virtually identical
with an authentic sample of 5 prepared from 3b.

Hydrolysis of 4c. A sample of 4¢ (0.107 g, 0.290 mmol) was
treated in the same manner as 4b to give a product which was re-
crystallized from benzene-Skellysolve B to give 5 (0.0454 g, 52%),
mp 151-153°, [a]23D, +61°. The compound was virtually identical
with an authentic sample of 5 prepared from 3b.

Conversion of 4b,c to 4d,e. A solution of 4b,c (2.59 g, 6.40
mmol) in 20 ml of pyridine was treated with p-toluenesulfonyl
chloride (2.46 g, 12.8 mmol) and the reaction mixture was placed in
a refrigerator for 42 hr. The mixture was poured onto 200 ml of
water, stirred for 15 min, and extracted with ether. The extracts
were dried over anhydrous Mg,SO4 and filtered. The solvent was
removed in vacuo to give 3.83 g of an oil'® which was used without
further purification.

(18,25,2' R,38)-2-Ethyl-2-methyl-3-(1,2,3,4-tetrahydro-6-
methoxy-2-naphthyl)cyclopentanol (2a). A solution of 4d,es
(3.83 g, 6.86 mmol) in 30 ml of THF was added dropwise to a
stirred suspension of LiAIH, (2.00 g, 52.8 mmol) in 70 ml of THF
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and the mixture was refluxed for 18 hr. The mixture was diluted
with 50 m] of ether and hydrolyzed by the dropwise addition of 8
ml of a 10% NaOH solution. The solution was filtered and the inor-
ganic salts were thoroughly washed with ether. The organic sol-
vents were removed in vacuo to give 2.61 g of an oil which was dis-
solved in 50 ml of acetone and 10 ml of water and treated with 1 ml
of concentrated HCI. After stirring for 90 min, the mixture was di-
luted with 500 ml of water and extracted with ether. The extracts
were dried over anhydrous MgsSOy and filtered. The solvent was
removed in vacuo to give 1.72 g of an oil which was chromato-
graphed on 90 g of SilicAR CC-7 using EtOAc and benzene as el-
uents and taking 40-ml fractions. Compound 6 (0.087 g, 4%) was
obtained in the first few benzene fractions. Compound 2a (1.29 g,
70%) was eluted with 10% EtOAc-90% benzene. Recrystallization
from pentane afforded 1.07 g of 2a: mp 42-43.5°; [«]?°D +67°;
NMR 6 0.83 (s, CHs), 6 0.88 (t, J = 7 Hz, CHjy), 3.77 (s, OCHjy).

Anal. Caled for C19H2g02: C, 79.12; H, 9.79. Found: C, 78.87; H,
9.67. .
(28,2'R,38)-2-Ethyl-2-methyl-3-(1,2,3,4-tetrahydro-6-me-
thoxy-2-naphthyl)cyclopentanone (2b). A solution of 2a (0.400
g, 1.39 mmol) in 30 ml of acetone was cooled to 0°, and excess
Jones reagent was added dropwise until the orange color persisted
for 10 min. The excess reagent was destroyed by the dropwise ad-
dition of isopropyl alcohol and the reaction mixture was diluted
with 100 ml of water and extracted with ether. The extracts were
dried over anhydrous MgeSQ, and filtered. Solvent removal gave a
yellow oil which was chromatographed on 30 g of SilicAR CC-7
using Skellysolve B and benzene as eluents. The product was elut-
ed in the benzene fractions and the solvent was removed in vacuo
to give 0.337 g of an oil which crystallized upon standing. Recrys-
tallization from pentane afforded 2b (0.300 g, 75%): mp 77.5-79.5°;
[e]D +148°; NMR 5 0.96 (s, CH3), 0.74 (t, J = 7 Hz, CHg), 3.80 (s,
OCHa).

Anal. Caled for C1gHs00: C, 79.68; H, 9.15. Found: C, 79.89; H,
9.25.
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